Intrinsic regulation of apical sodium entry in epithelia.
In the past 30 years the basic features of Na+ absorption by epithelia have been unraveled and generally accepted cell models have been established. However, these cell models of transepithelial Na+ transport represent, for the most part, a static view of cell function, i.e., all transport parameters are assumed to be in a steady state. Today the focus is on the dynamic properties of epithelia, the non-steady-state condition, and the adaptation to environmental or transport changes. This review deals with mechanisms intrinsic to the epithelium that regulate apical membrane Na+ permeability in response to changes in transport load and ambient conditions. Together with parallel autoregulatory events concerning the basolateral K+ conductance, the described mechanisms controlling apical membrane Na+ permeability serve to maintain the intracellular ionic composition within the limits that are compatible with cell function and survival. Extraepithelial factors that influence epithelial Na+ transport such as mineralocorticoids and glucocorticoids, ADH, catecholamines, and other neurotransmitters are discussed elsewhere. Apical membrane Na+ permeability appears to be determined by several intrinsic or autoregulatory mechanisms. The PmNa of epithelia with channel-mediated apical Na+ entry is downregulated by increases in the Na+ concentration of the apical bathing solution (self-inhibition) and by procedures that inhibit basolateral Na+ extrusion (feedback inhibition). The underlying mechanisms of both regulatory systems are unclear. With the use of current-noise (fluctuation) analysis, on the one hand, and single-channel recordings, on the other hand, conflicting results were obtained concerning the saturability of single-channel conductance with increasing external Na+ concentrations. Results from Na(+)-uptake studies in apical membrane vesicles from amiloride-sensitive epithelia render it unlikely that cell Na+ itself is the mediator of feedback inhibition. Both self-inhibition and feedback inhibition of PmNa are prevented by titrating superficial sulfhydryl groups in the apical membrane. Elevations of cell Ca2+ decrease apical Na+ entry, possibly via an indirect mechanism involving protein kinase C. The PmNa is markedly dependent on cell metabolism and pHc; inhibition of ATP supply and lowering cell pH reduce PmNa. Additionally, PmNa may be altered by exocytotic expansion and endocytotic retrieval of the apical membrane area or by insertion of channel proteins into the apical membrane without increasing the apical membrane area. The diversity of regulatory systems may insure the high degree of flexibility and plasticity of epithelia in their response to environmental changes.